Afatinib (systematic name: N-{4-(3-chloro-4-fluoroanilino)-7-[(tetrahydrofuran-3-yl)oxy]quinazolin-6-yl}-4-(dimethylamino)but-2-enamide), is a specific inhibitor of the ErbB family of tyrosine kinases. The free base form crystallizes from acetonitrile as a mixed water-acetonitrile solvent, C 24 H 25 ClFN 5 O 3 Á 0.25C 2 H 3 NÁ2H 2 O. It crystallizes with two independent molecules (A and B) in the asymmetric unit of the chiral space group P42 1 2, but exhibits close to perfect pseudo-inversion symmetry, emulating P4/ncc that relates the two molecules to each other. Exact inversion symmetry is however broken by swapping of oxygen and CH 2 moieties of the outer tetrahydrofuranyl substituents of the two independent molecules. This can, in turn, be traced back to C-HÁ Á ÁN and C-HÁ Á ÁO interactions of the acetonitrile solvent molecules with the tetrahydrofuran oxygen and CH 2 units. In the crystal, neighboring molecules are connected via N-HÁ Á ÁO hydrogen bonds between the secondary amine and the amide keto O atom. Additional hydrogen bonds are formed through the water solvent molecules, which are engaged in O-HÁ Á ÁO and O-HÁ Á ÁN hydrogen bonds connecting to the dimethylamino N atom, the amide keto O atom, and one of the quinazoline N atoms of a neighboring molecule, leading to an intricate threedimensional hydrogen-bonded superstructure. There are two types of channels stretching along the direction of the c axis; one along the fourfold rotational axis, occupied by acetonitrile solvent molecules situated on that axis, and parallel channels which are not occupied by any solvent.
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Chemical context
Afatinib is an orally administered antitumor drug used for the treatment of patients with metastatic nonsmall cell lung carcinoma (Keating, 2014) . This drug is an irreversible specific inhibitor of ErbB family of tyrosine kinases, comprising EGFR (ErbB1), HER2 (ErbB2), and HER4 (ErbB4) (Hirsh, 2011; Keating, 2014) . It is marketed as a dimaleate salt (Giotrif, Boehringer-Ingelheim Pharma GmbH, Ingelheim, Germany) and is reported to present polymorphism as a free base and in its salt forms, as well as an ethanol solvate (Gidwani et al., 2012; Jiadeng, 2016) . However, to the best of our knowledge no single-crystal structure has been described so far for any of the reported crystal forms. Herein, we describe an acetonitrile-water solvent structure of afatinib free base obtained via vapor diffusion experiments.
Structural commentary
Crystals of free base afatinib were obtained from an acetonitrile solution through vapor diffusion of hexanes. The compound crystallized in a tetragonal setting, space group P42 1 2, as a mixed water-acetonitrile solvent with two molecules of water and one-quarter molecule of acetonitrile per formula unit of afatinib (Fig. 1) . Two crystallographically independent molecules (A and B) of afatinib are present, and both exhibit disorder of its tetrahydrofuran-3-yloxy units, with a disorder ratio of 0.718 (9):0.282 (9) for molecule A and 0.787 (5):0.213 (5) for molecule B. The type of disorder differs slightly between the two molecules (see Fig. 2 and x5, Refinement).
The two independent molecules (A and B) are related by a pseudo-inversion center with close to centrosymmetric P4/ncc symmetry. After inversion, the two molecules are nearly superimposable with only very minor deviations for the aromatic core, the chlorofluoroaniline substituent and the (dimethylamino)but-2-enamide unit (see Fig. 3 for the molecular overlay). Focusing only on the two major moieties exact inversion symmetry is broken solely by the positions of the tetrahydrofuran (THF) O atoms, which are swapped with a 418 The molecular structure of the title compound, showing the atom labeling. Displacement ellipsoids are drawn at the 50% probability level. Dashed lines indicate minor disordered moieties C and D of the tetrahydrofuran-3-yloxy units. C-atom labels of the disordered moieties have been omitted for clarity.
Figure 2
View of the two disordered tetrahydrofuran-3-yloxy moieties, with 50% probability displacement ellipsoids. Dashed lines indicate minor disordered moieties C and D.
CH 2 group between the two molecules. Associated with the different positions of O and CH 2 moieties, and possibly providing an explanation for this observation, is an ordering of the acetonitrile solvent molecules. Acetonitrile molecules related by pseudo-inversion do not as expected point in opposite directions, but are co-parallel with each other. The CH 3 CN molecules are located in channels surrounded by the tetrahydrofuranyl units, and they interact with molecules A and B in opposite ways. The methyl ends of both CH 3 CN molecules form C-HÁ Á ÁO hydrogen bonds with the O atoms of the major moieties of molecule B, capping a tetramer of THF units on both sides. The nitrogen ends of the acetonitrile units, on the other hand, act as acceptors of weak C-HÁ Á ÁN hydrogen bonds (Fig. 4 and Table 1 ). The methyl and nitrogen ends of the linear molecules are related by the pseudo-inversion operation. The different polarity of the two ends, one an hydrogen-bond donor, the other an hydrogen-bond acceptor, can thus be seen as an immediate cause for the swapping of oxygen and the CH 2 groups, which are also hydrogen-bond donors and acceptors, so that an attractive rather than repulsive interaction is maintained. Exact inversion symmetry is also broken by the different disorder patterns for the tetrahydrofuran-3-yloxy units substituents (see x5, Refinement, and Fig. 2 for details) . The absence of inversion symmetry is further evidenced by the value of the absolute structure parameter for racemic twinning, which refined to 0.02 (1), indicating a chiral or noncentrosymmetric space group incompatible with centrosymmetric P4/ncc symmetry.
Bond lengths and angles in both molecules are unexceptional and in the expected ranges. The central quinazoline cores of the molecules are nearly planar, with maximum deviations of 0.073 (5) Å for atoms C5A and C5B in molecules A and B, respectively. The but-2-enamide units are all-trans and also nearly planar (r.m.s. deviations are 0.046 Å for molecule A and 0.042 Å for molecule B, for all non-H atoms including the directly neighboring quinazoline C atom). Their mean planes are inclined to the quinazoline ring by 47.8 (2) and 47.3 (2) in molecules A and B, respectively. The chlorofluoroaniline rings are also twisted out of the mean plane of research communications Acta Cryst. (2017 Least-squares overlay of molecule A (blue) on inverted molecule B (green). O atoms of the tetrahydrofuran-3-yloxy units are shown as red spheres to illustrate the absence of inversion symmetry in the title structure. The r.m.s. deviation is 0.6892 Å .
Figure 4
View of the interactions of the acetonitrile solvent molecules with the tetrahydrofuranyl units of molecules A and B. The remaining sections of molecules A and B have been omitted for clarity. Acetonitrile molecules are located on a fourfold rotation axis hence and the H atoms are fourfold disordered. C-HÁ Á ÁN and C-HÁ Á ÁO hydrogen bonds are indicated as green dashed lines and the HÁ Á ÁN and HÁ Á ÁO distances (Å ) are given (see Table 1 ). Symmetry codes:
the quinazoline ring by 36.6 (2) and 36.9 (1) for molecules A and B, respectively.
The simulated powder pattern of the acetonitrile-water solvate reported here does not agree with any of the free base forms of afatinib A-D reported in the literature (Gidwani et al., 2012) .
Supramolecular features
In the crystal of the title compound, neighboring molecules are connected via N-HÁ Á ÁO hydrogen bonds between the secondary amine and the amide keto O atom (see Table 1 Hydrogen-bonded twofold rotation dimer of A molecules, in two oblique views. bonds, graph-set motif R 2 2 18, to their symmetry-related counterparts, creating twofold rotation symmetric dimers of A and B molecules, respectively (Fig. 5) . Individual A-A and B-B dimers are arranged in infinite stacks along the c-axis direction through -stacking interactions between the quinazoline units, and through weaker and more tilted -stacking interactions between the annulated and the fluorochloro benzene rings (Fig. 6 ). Individual stacking interactions between the quinazoline units are across the pseudo-inversion centers, forming close to centrosymmetric pairs of A-B dimers, with an interplanar angle between quinazoline units of only 1.24 (11) . The centroid to centroid distance between the pyrimidine rings of the A and B molecules is 3.442 (2) Å , the perpendicular distances between the two rings are 3.3144 (18) and 3.3113 (17) Å , with a slippage between the rings of 0.937 Å . The distance between annulated and chlorofluorobenzene rings is at 3.827 (3) Å substantially larger, and the slippage is 1.506 Å . The stacks created along the c-axis direction are further stabilized via hydrogen bonds involving the solvent water molecules. The O5 water molecule hydrogen bonds to the N1 atom of the quinazoline unit, connecting every second molecule in the infinite stacks, and the O4 water molecule hydrogen bonds to the dimethylamine N atom and water molecule O5, thus bridging the two ends of the dimethylaminobut-2-enamide units, giving the stacks additional support and stiffness (see Table 1 for details).
The four parallel stacks within each unit cell are interdigitating with each other, and are also connected through another hydrogen bond facilitated by the water molecule, which acts as a hydrogen-bonding acceptor for the amide N-H group. Additional weaker C-HÁ Á ÁN and C-HÁ Á ÁO interactions (Table 1 ) also contribute to the structure and lattice stability (see Table 1 for details). In combination, these interactions lead to an intricate three-dimensional superstructure facilitated by hydrogen bonding, -stacking and interdigitation of molecule side arms (Fig. 7) . In between the connected infinite stacks there remains some void space in the form of channels that stretch along the c-axis direction. Two different types of channels are found: channels along the fourfold rotational axis that are occupied by the acetonitrile solvent molecules, with the solvent molecules situated on that axis, and another set of parallel channels that stretch directly along the c-axis direction and are not occupied by any solvent.
Synthesis and crystallization
High-purity afatinib free base (>99%) was acquired from LC Labs and high-purity solvents (acetonitrile and hexanes) were procured from Sigma-Aldrich (Sigma-Aldrich, St Louis, MO, USA). Crystals suitable for single X-ray diffraction studies were obtained by vapor diffusion (Spingler et al., 2012) , where afatinib free base was solubilized in acetonitrile and exposed to vapor of hexanes in a closed system.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . The structure exhibits pseudoinversion symmetry emulating the space group P4/ncc, with two independent molecules, indicated by label suffixes A and B, in the asymmetric unit that are nearly related by a pseudoinversion center. Exact inversion symmetry is not realized, as evidenced by the BASF value for racemic twinning, which refined to 0.02 (1). Exact inversion symmetry is broken by flipping of the THF ring, exchanging O and CH 2 units, and by a different disorder pattern for the tetrahydrofuranyl substituents of the two independent molecules.
For the first molecule, suffix A, the two disordered moieties differ mostly by the position of the tetrahydrofuranyl O atom, which forms the flap of the THF's envelope conformation, and is bent to opposite sides for the two moieties. The ether O atom and the THF C atoms are only slightly shifted between the two disordered moieties. For molecule B, the disorder is more pronounced and extends to the ether oxygen atom. The THF ring is mirror imaged between the two disordered units, Crystal packing viewed along the a axis, showing the interdigitation of parallel stacks along the c-axis direction (see Fig. 4 ) and the hydrogen bonds (dashed lines) connecting them, as well as acetonitrile occupied and empty channels at the A-and B-faces and the center of the unit cell, respectively.
swapping the positions of the O atom with that of a methylene group and shifting the two units against each other.
All four THF moieties were restrained to have similar geometries (SAME commands of SHELXL2016; Sheldrick, 2015) , and U ij components of the anisotropic displacement parameters were restrained to be similar for disordered atoms closer to each other than 1.7 Å (SIMU commands of SHELXL2016; Sheldrick, 2015) . The occupancy ratio refined to 0.718 (9):0.282 (9) for moieties A and C, and to 0.787 (5):0.213 (5) for moieties B and D.
The water H atoms were located in difference Fourier maps and refined with a distance restraint of O-H = 0.84 (2) Å , and C-and N-bound H atoms were placed in calculated positions and treated as riding, with C-H = 0.95-0.99 Å and N-H = 0.88 Å , and with U iso (H) = 1.5U eq (O,C-methyl) and 1.2U eq (C,N) for other H atoms. Acetonitrile molecules are located on fourfold axes and the H atoms are fourfold disordered by symmetry. program(s) used to refine structure: SHELXL2016 (Sheldrick, 2015) and SHELXLE (Hübschle et al., 2011); molecular graphics: Mercury (Macrae et al., 2008) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
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Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. The structure exhibits pseudo-inversion symmetry emulating the space group P4/ncc. Exact inversion symmetry is not realized (BASF value for racemic twinning 0.020 (10)). Two tetrahydrofuran rings (related by pseudo-inversion) are disordered in differing ways. For one the ring is inverted at the oxygen. For the other the ring is mirror imaged swapping the position of the oxygen atom. All four moieties were restrained to have similar geometries, and Uij components of ADPs were restrained to be similar for disordered atoms closer to each other than 1.7 Angstrom. Occupancy ratios refined to 0.718 (9) to 0.282 (9) for moieties A and C, and to 0.787 (5) C8B-N1B-C1B-N2B 1.9 (7) C22D-C21D-C24D-O3D −5 (3) C2B-N2B-C1B-N1B 0.7 (7) Symmetry codes: (iii) y+1/2, −x+1/2, z; (vi) y+1/2, −x+3/2, z; (vii) x+1/2, −y+1/2, −z−1; (viii) −y+1, −x+1, −z; (ix) x−1/2, −y+1/2, −z; (x) −y+1, −x+1, −z−1.
